The Principles of Immunity         179
Oral vaccination has proven successful in certain instances
where live attenuated organisms are used. Killed vaccines admin-
istered orally have not resulted in satisfactory antibody levels.
Amount of Antigen Introduced
There is a relationship between the amount of antigen in-
jected and the degree of antibody response obtained. Detectable
antibody may result from the injection of extremely small
amounts of a highly antigenic substance, but in actual practice
fairly large amounts are usually employed. Larger doses are
usually given when nonliving products are used than when live
organisms are administered. The dose of a bacterin usually con-
sists of several billion killed bacteria. Live immunizing products
depend upon some growth of the organism within the vaccinated
animal in order to achieve the maximum antigenic stimulation.
The optimum dose of each immunizing agent is established
by experimentation, taking into consideration the size of animal,
the route of administration, and the character of the immunizing
agent. To inject more than this amount may produce no better
immunity and in some instances is not well tolerated. The injec-
tion of too large a volume of antigen at one site may result in
"sterile abscesses" because the limits of tissue absorption of the
material have been exceeded.
Frequency of Injection
The most efficient immunity is obtained from, live vaccines
which give a long period of antigenic stimulation. Nonliving anti-
gens must be injected repeatedly for maximum response. With
some antigens a single dose is satisfactory and more economical,
while in other instances two or more injections spaced from 3
to 7 days apart are necessary. Some weakly antigenic substances
require both the addition of adjuvants and multiple injections
before a satisfactory antibody response can be achieved.
Periodic booster injections of immunizing materials serve to
maintain the level of antibody. Such injections spaced several
months or years apart result in a secondary response, with the
concentration of antibody increasing more rapidly and reaching
higher levels than after the initial stimulation.
Effect of Bleeding During Immunization
In the experimental production of antibodies with poorly anti-
genic materials it is sometimes necessary to bleed an animal se-
verely after the first injections are given. The removal of a